Abstract. Orbital elements have been determined for 10 chromospherically active binaries from a combination of new velocities and velocities in the literature. First orbits for three binaries, HD 33363, HD 152178, and HD 208472, are presented, as well as updated orbits for seven other binaries. Two of the latter systems, LN Peg and HD 106225 were discovered to be triple, and both short-and longperiod orbits have been computed for each. Fundamental properties have been determined for the chromopherically active primary in each system.
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cause the rotation of the stars to become synchronized. The "Catalog of Chromospherically Active Binary Stars (second edition)" (CABS catalog; Strassmeier et al. 1993) lists basic information, including orbital elements and fundamental parameters, for over 200 active binaries.
Evidence of the dynamo, which is believed to be generated by the interaction of magnetic fields and rotation, includes Ca ii H and K emission lines and starspots. Some chromospherically active binaries are rotating so rapidly that the distribution of starspots can be mapped on their surfaces with the Doppler imaging technique (Vogt & Penrod 1983) . In the course of such a project being carried out by the research group at the University of Vienna (e.g. Strassmeier & Rice 1998) , a number of chromospherically active binaries have been observed spectroscopically for several seasons. To produce an accurate spot map the data must be correctly phased, so orbital elements should be carefully determined or updated. Thanks to back-toback observing runs, arranged at the Kitt Peak National Observatory (KPNO) by the telescope-allocation committee, it was learned that additional spectra of many of the stars have been obtained by one of us (FCF), and so it was decided to combine our data.
In this paper we determine initial orbital elements for three binaries and update the elements of seven others. In the process we have found evidence of a tertiary component in two of the systems. The availability of the Hipparcos-parallax data base has enabled us to determine improved fundamental properties for the 10 systems.
New observations
Our spectroscopic observations of the 10 program stars were obtained at several observatories including the McDonald Observatory of the University of Texas, the KPNO, and the National Solar Observatory (NSO), all in the northern hemisphere, as well as the European Southern Observatory (ESO) in the southern hemisphere. Table 1 lists basic data for our program stars, and Fig. 1 shows a sample spectrum of each star. Table 2 summarizes the telescope/detector configurations used. However, since the vast majority of the spectrograms were obtained between 1983 and 1998 at the KPNO with the coudé feed telescope, coudé spectrograph, a couple combinations of grating and camera, and several different CCD detectors, primarily a Texas Instruments (TI) or Ford (F3KB) CCD detector, those particular configurations are discussed in more detail below.
From 1983 through 1987 the 800 × 800 TI CCD with 15 µ pixels was used with grating D and camera 5, to yield a resolving power, R = 30 000. The spectra have a 90Å wavelength range centered on 6430Å with an effective wavelength resolution of 0.23Å. Improved throughput was obtained when KPNO acquired grating A, which has been used from 1987 through 1998 with camera 5, the long collimator, and a TI CCD to obtained a slightly better resolution of 0.21Å, while reducing the wavelength range to 82Å. From 1995 through 1998 additional observations were obtained with the 3096 × 1024 F3KB CCD (15 µ pixels) but an otherwise identical spectrograph setup. For this combination the wavelength range is 300Å, the effective wavelength resolution is 0.27Å, and the spectra were centered at 6480Å.
Data from the coudé feed have recently been supplemented with observations obtained at two other observatories. The NSO observations were obtained with the McMath-Pierce solar telescope during a single 70-night observing run from November 1, 1996 through January 8, 1997. Another TI CCD was used in conjunction with Milton-Roy grating # 1 to give an effective wavelength resolution of 0.15Å and a usable wavelength range of 55Å centered at 6435Å.
For two stars, UZ Librae and HD 152178, observations also were obtained at ESO La Silla during seven -23, 1996 . The 1.4 m coudé auxiliary telescope (CAT) was used with the coudé echelle spectrograph (CES) operating in single-order mode. This spectrograph setup together with a 2688×512 Loral CCD having 15 µ pixels resulted in R = 70 000. The spectra have a wavelength range of about 70Å and are centered at 6425Å.
Bias subtraction, flat-field division, wavelength calibration, and continuum rectification were performed on the raw spectra with the programs in IRAF (distributed by NOAO) or MIDAS (distributed by ESO). Thoriumargon comparison spectra were obtained each night at intervals of one to two hours to ensure an accurate wavelength calibration. Fig. 1 . Examples of spectra used in the analysis of this paper. The different wavelength coverages are due to different telescope/detector combinations and range from 55Å for, e.g., LN Peg at NSO to 300Å for most other stars
Velocity reductions and orbit computations
Radial velocities of the program stars were determined with the IRAF cross-correlation program fxcor (see Fitzpatrick 1993) . Several different IAU radial-velocity standard stars were observed during the course of each night at intervals of one to two hours. Their radial velocities were assumed from the work of Scarfe et al. (1990) . Other stars used as standards included µ Her A, assumed velocity of −16.4 km s −1 (Stockton & Fekel 1992 ) and β Aql, assumed velocity of −40.2 km s −1 , from extensive unpublished coudé feed results. The velocities of both stars are tied to the Scarfe et al. (1990) system. The small number of ESO velocities were measured relative to β Crv = HR 4786, assumed velocity of −7.6 km s −1 (Udry 1998) . Although the velocities of our standards are on a welldefined system, the combination of our various new data sets into a single radial-velocity solution is complicated because of the spectral-type mismatch of the standard and program stars and the different and relatively small wavelength ranges covered by the spectra (from 55Å to 300Å), as well as the strong chromospheric activity and large v sin i of many of the program stars. Unless the spectral type of a standard star is very similar to that of the program star, line strengths, particularly of the weak and moderate strength features, may differ significantly in the program and standard star. Since our program stars are rotationally broadened, such differences in line strength will cause different amounts of blending with nearby strong lines. Different spectrograph setups, resulting in different observed wavelength ranges, exacerbate the line-strength blending problem associated with any spectral-type mismatch. Despite such potential problems, we found that the zero-point velocity shifts between our data sets were not significant, except for the most chromospherically active stars, whose line profiles show obvious variability due to starspots rotating in and out of view.
When the number of observations warranted it, independent orbital solutions were obtained of our various data sets, as well as solutions of data sets in the literature. Often the errors of the older velocities are quite large compared to those of our velocities. In such cases the older velocities were of little use except to improve the period and so were not usually included in the final orbital solution. Furthermore, if the O−C residual of one of our observation exceeded 3.0 sigma it was given zero weight in the final solution but is still listed in the tables in the Appendix. Several different computer programs, which were used to determine the orbital elements of the various systems, are mentioned in the individual orbital-elements sections. Preliminary elements often were determined with BISP, a computer program that uses a slightly modified version of the Wilsing-Russell method (Wolfe et al. 1967) . A differential-corrections program, called SB1, of Barker et al. (1967) has been used to compute eccentric orbits of single-lined systems. For some systems the orbital eccentricity is small enough that a circular-orbit solution may be appropriate. Circular orbits for single-and doublelined binaries have been computed with SB1C and SB2C (Barlow 1998 ), respectively, both of which use differential corrections to determine the elements. For triple systems a general least-squares (GLS) program (Daniels 1966) has been used to solve simultaneously for the elements of the short-and long-period orbits.
Determination of fundamental parameters
The advent of new or vastly improved parallaxes from the Hipparcos satellite (ESA 1997) has enabled us to calculate significantly improved fundamental parameters for our 10 systems. Such values clearly supersede those given in Table 5 of the CABS catalog (Strassmeier et al. 1993 ). The literature was searched for the brightest known magnitude of each system, which was assumed to be the unspotted V magnitude of each primary. For the two double-lined systems, LN Peg and HD 81410 (Fig. 2) , we converted the equivalent-width ratio of the primary to secondary spectral lines into a brightness difference and corrected the combined magnitude. For LN Peg the secondary's contribution is approximately 0. m 25 in V and for HD 81410, 0. m 1. Then an M V was computed from the Hipparcos parallax. For the eight systems closer than 160 pc no interstellar reddening was assumed. However, because of their much greater distances, a reddening of 0. m 2 was assumed for HD 136901 and 0. m 4 was assumed for HD 152178. Except for HD 136901 and HD 152178, whose B−V values were revised with R = 3.2 and the above reddening, the Hipparcos B−V values given in Table 1 were used in conjunction with Table 3 of Flower (1996) to obtain a bolometric correction, B.C., and effective temperature, T eff , for each primary. An M bol was computed for each star and converted into units of solar luminosity assuming M bol = +4. m 64 for the Sun (Schmidt-Kaler 1982) . Finally, a radius, called R Hip , was determined for each star from the T eff and L/L values. It was assumed that the errors in the computed quantities are dominated by errors in the parallax, given in the Hipparcos catalog, and to a lesser extent by the T eff , with the latter error estimated to be ±100 K.
For each active primary a value of R sin i, which is independent of the R Hip value, was computed from its rotational period and v sin i value listed in Table 1 . For R sin i the error is dominated by the uncertainty in v sin i. Table 3 summarizes the fundamental parameters for our stars.
The values of R sin i, of course, should be smaller than the corresponding values of R Hip , but this is not the case for the computed values of the majority of our stars (Table 3) . Within the errors, however, agreement between R sin i and R Hip is acceptable for eight of the 10 stars. For two stars, UZ Lib and HD 106225, the R Hip values are significantly smaller than those computed for R sin i. Their Hipparcos distances result in M V and R Hip values that indicate that the stars are subgiants, while the minimum radii suggest that both stars have at least begun to ascend the red-giant branch. Note that if we increase the error in T eff from ±100 K to ±200 K, the error in R Hip increases by 15 − 20% but is still only 30% the error from the parallax.
For UZ Lib the Hipparcos distance is nearly a factor of four smaller than the value used by Grewing et al. (1989) , which led to contradictory results described by Strassmeier (1996) as the dilemma of big leg Emma (Zappa 1974) . However, as a result of the improved distance, we have not extricated ourselves from the dilemma. Instead, it has reversed itself with the radius now being too small compared to the minimum radius.
Systematic trends between R sin i and R Hip , and in particular the problems with the values for UZ Lib and HD 106225, are likely the result of several different factors. One obvious contributor is our assumption that the brightest known magnitude of each system is equal to its unspotted magnitude. For example, for the very active star II Peg, O'Neal et al. (1996) compared photometric and spectroscopic results and found "a substantial symmetric spotted component," which they attributed to either a polar spot or spots evenly distributed in longitude. Thus, our assumed unspotted magnitudes listed in Table 3 are almost certainly too faint. For II Peg, O'Neal et al. (1996) computed V = 6. m 8 compared with the historically observed V max = 7. m 2 (Strassmeier et al. 1993 ). In the cases of UZ Lib and HD 106225, if the unspotted magnitude were 0. m 5 brighter than our assumed value, the R Hip values would be increased by 0.9 R .
BD +13 13 = SAO 91772 = LN Peg

Brief history
LN Peg was identified as a chromospherically active binary by Bergoffen et al. (1988) , who discovered the strong Ca ii K emission and radial-velocity variations of this star. Latham et al. (1988) computed a single-lined circular orbit with a period of 1.844 days. However, Pasquini & Lindgren (1994) detected Ca ii K emission from both the primary and the secondary. Rodonó et al. (1994) discovered the system's light variability and from their few observations found a period consistent with the orbital period. From photometry obtained during two observing seasons, Henry et al. (1995) identified four possible periods. They concluded that the one at 1.852 days represents the rotational period because it most closely agrees with the orbital period. a From B−V according to Flower (1996) . 
Orbital elements
The primary and secondary components of LN Peg seen in our spectra are called Aa and Ab, respectively, while the two stars together are called component A.
Two new sets of observations have been obtained for LN Peg. The Vienna group collected 39 spectra during a single, extensive 1996-1997 observing run at the NSO.
From November 1993 through October 1998, FCF obtained 13 observations at KPNO. Also available for analysis are the velocities of Latham et al. (1988) and three velocities of Fleming et al. (1989) , which are on the same velocity system.
Assuming the orbital period of Latham et al. (1988) , a preliminary set of orbital elements was determined for the NSO velocities of the primary, component Aa, with BISP and refined with SB1. Agreement with the orbital elements of Latham et al. (1988) was excellent except for the center-of-mass velocity, which was 7 km s −1 more negative, suggesting that the system is triple. This possibility was confirmed when a combined solution of the NSO and KPNO data produced systematic velocity residuals.
An SB1 solution of all the velocities of Aa, but with zero weight given to the Latham et al. (1988) , Fleming et al. (1989) , and KPNO data, resulted in residuals that were analyzed to determine the period of the long-term velocity variations. Because of the spacing of the data, two possible periods emerged, 4.3 and 8.6 years. With BISP a set of preliminary long-period orbital elements was computed for each period. Then, with one velocity given zero weight, GLS was used to obtain a simultaneous solution of the short-and long-period orbits. Within their errors, the orbital elements of the short-period orbit are the same for both solutions. However, the long period orbits are rather different. For example, the 4.3-year period has e = 0.054 ± 0.064 while the 8.6-year period has e = 0.49 ± 0.05. Since the weighted sum of the residuals Latham et al. (1988) , and crosses from Fleming et al. (1989) squared for the 8.6-year solution is 15% larger than for the 4.3-year solution, we have assumed that the 4.3-year solution is correct. However, we note that orbits with such long periods have no propensity toward zero eccentricity, so additional observations will be necessary for a definitive decision.
Absorption lines of the secondary, component Ab, are visible at red wavelengths. They are also rotationally broadened but are much weaker than those of Aa, making velocity measurements difficult. Thus, a GLS solution of the NSO and KPNO velocities of Ab was obtained with only the short-period semiamplitude varied. All other orbital elements were fixed at the values obtained for Aa. Six NSO velocities with residuals greater than 9 km s −1 were given zero weight. The short-and long-period orbital elements are given in Table 5 . The short-period eccentricity is quite small 0.054 ± 0.064, but has been retained because in triple systems the third star may cause a non-zero eccentricity (Mazeh & Shaham 1979; Söderhjelm 1984) in the short-period orbit. For the tables and figures each measured velocity has been separated into a short-and long-period component, which consists of the shortor long-period calculated velocity plus one-half of the computed residual. Thus, the sum of those separated short-and long-period velocities for each date of observation results in the actually measured velocity. The short-period velocities and residuals to the computed fit are listed for both components in Tables A1 and A2 in the (electronic) Appendix, respectively, while those for the long period are in Tables A3 and A4 , respectively. Included in those tables are the velocities of Latham et al. (1988) and Fleming et al. (1989) . The computed short-period orbit compared with our velocities is shown in the upper panel of Fig. 3 , while a similar comparison for the long-period velocities of the primary is in the lower panel of Fig. 3 . For the short-period orbit a time of conjunction with the primary behind the secondary is HJD 2 446 348.080. The standard error of an observation of unit weight is 1.0 km s −1 .
Our results for LN Peg demonstrate that new observations are valuable not only to confirm old orbital elements but also to detect additional components. This is particularly true when an initial orbital solution has been determined from observations obtained over only one or two observing seasons.
6. ζ And = HR 215 = HD 4502 6.1. Brief history Campbell (1911) was the first to report the variable velocity of ζ And and also commented on the obvious broadening of its absorption lines. Shortly thereafter, Cannon (1915) computed the initial set of orbital elements for this bright star. Spencer Jones (1928) and Gratton (1950) obtained additional velocities, and each determined a new orbital solution. The latter's remained the standard for nearly 50 years. Recently however, Kaye et al. (1995) recomputed a new orbital solution from 135 velocities from the literature.
The Ca ii emission lines of ζ And were independently discovered by Joy & Wilson (1949) and Gratton (1950) . The latter also noted that the absorption lines are diffuse, suggesting a noticeable rotational velocity. From new spectrograms Hendry (1980) discussed the variability of the emission lines.
Light variations, initially discovered by Stebbins (1928) , are primarily the result of the ellipticity effect (e.g. Stebbins 1928; Strassmeier et al. 1989) . Variability due to starspots with a period similar to the orbital period and an amplitude as great as 0.
m 04 has also been detected (Kaye et al. 1995) . We note that the maximum spot amplitude of 0. m 083, highlighted by Kaye et al. (1995) , appears to be a misprint.
For ζ And two new sets of velocities have been obtained, 53 velocities at NSO during an extensive 1996-1997 observing run, and 14 velocities at KPNO during a single run in [1997] [1998] . With the orbital period fixed at Gratton's (1950) value and his other elements used as starting values, independent orbital solutions of the two data sets were carried out with the SB1 computer program. The results indicated no need for a zero-point shift, and the two sets were combined with weights of 1.0 for the KPNO velocities and 0.5 for the NSO velocities. Independent solutions were also computed for the large data sets of Cannon (1915) and Spencer Jones (1928) , resulting in weights of 0.02 and 0.03, respectively, and a velocity offset of 6 km s −1 , which was added to the data of Cannon (1915) . Additional sets of velocities in the literature, including those of Gratton (1950) , do not warrant inclusion. They generally contain just a few velocities and have very low weights, providing no additional leverage on the period or other elements.
An SB1 orbital solution with the four sets of appropriately weighted velocities resulted in an eccentricity of 0.0068 ± 0.0056. Because of this very low eccentricity, a circular-orbit solution for the same data was computed with SB1C. According to the precepts of Lucy & Sweeney (1971) , the circular orbit is to be preferred. The two old sets of velocities have such low weights that they do not significantly improve the other elements. Thus, with the period fixed from the previous circular-orbit solution and two NSO velocities given zero weight because of their large residuals, a final circular orbit was computed with only the NSO and KPNO data. Those orbital elements are listed in Table 5 . Since the eccentricity is zero, the time of periastron is undefined and has been replaced with the time of maximum positive velocity.
Our velocities and residuals to the computed fit are given in Table A5 in the electronic Appendix. The computed radial-velocity curve is compared with our velocities in Fig. 4 . The standard error of an observation of unit weight is 0.6 km s −1 , quite good for such a broad lined star.
HD 33363 = CL Cam
Brief history
HD 33363 was added to the second edition of the CABS catalog on the basis of its strong Ca ii H and K emission (Bidelman 1991; Strassmeier 1994) and its variable velocity. Henry et al. (1995) classified the star as K0 III, noted a preliminary orbital period of 20.9 days, and found a period of 41.5 days for its photometric variability. Such disparate periods are unusual but not unknown among active binaries. In fact, the orbital and rotational periods found for HD 33363 are similar to those of the well-known asynchronous rotator λ And.
Orbital elements
Between 1991 and 1998 two radial-velocity data sets were obtained at the KPNO for HD 33363; a more extensive set of 28 velocities by FCF and 10 velocities in January 1996 by the Vienna group. A preliminary set of orbital elements was determined for the FCF velocities with BISP. After one velocity was given zero weight, those elements were refined with SB1. The Vienna group's velocities were compared with this orbit. As a result, no zero-point correction was applied to the January 1996 velocities, and those individual velocities were given a weight of 0.05 in the final orbital solution, whose elements are listed in Table 5 . The individual velocities and residuals to the computed fit are given in Table A6 in the Appendix. Shown in Fig. 5 is the computed velocity curve compared with our velocities.
We note that for the final solution the standard error of an observation of unit weight is 0.15 km s −1 , the best so far achieved with the coudé feed telescope for an orbit of a chromospherically active star. Since the orbit has a small but definite eccentricity of 0.071 ± 0.003, HD 33363 is still in the process of both circularization and synchronization. A time of conjunction with the primary behind the secondary is HJD 2 449 311.371. 
Brief history
The light varibility of HD 81410, suspected by Cousins & Stoy (1963) , was confirmed by Eggen (1973) , who found a V amplitude of 0. m 4 and a period of 25.4 days. From additional photometry Raveendran et al. (1982) discovered that a period of 12.86833 satisfied all available photometry and identified the star as an RS CVn binary. Combining 25 years of V -band photometry, Strassmeier et al. (1997) obtained a long-term average period of 12.7864 days. Bidelman & MacConnell (1973) classified HD 81410 as K1 III and noted that it has strong Ca ii H and K emission and also that its Balmer lines are filled in. Radial velocity observations of Wayman & Jones (Eggen 1973) showed the star to be a single-lined binary, and Raveendran et al. (1982) found the velocities to be consistent with their photometric period. From spectroscopic and photometric evidence they suggested that the secondary is probably an F dwarf. Balona (1987) combined his numerous velocities with those of Collier Cameron (1987) and determined an orbital period of 12.908 days. Following the spectroscopic discovery of the secondary (Donati et al. 1997 ), Weber & Strassmeier (1998) obtained multiwavelength Doppler images of HD 81410 and computed the first double-lined spectroscopic orbit for it. Recently, using 85 published velocities, Raveendran & Mekkaden (1998) determined both circular and elliptical orbits for the primary.
Orbital elements
We have obtained 101 observations of HD 81410 from 1981 through 1998. Of that total, 31 observations were made by FCF at McDonald Observatory and KPNO and 80 by the Vienna group at NSO and KPNO. Some of the velocities have previously appeared in Fekel et al. (1986) and Weber & Strassmeier (1998) . The values used in this paper are slightly different due to the assumption of different standard-star velocities. In addition the Vienna group's KPNO Hα spectra of February-March 1995 have been remeasured.
Complicating the orbital analysis of this star is the primary's significant chromospheric activity, resulting in line profile variability, plus the fact that 10 different data sets, containing from two to 46 velocities and totaling 179 velocities, are available for the primary.
Preliminary orbital elements of the primary were computed initially for the FCF velocities with BISP and then refined with SB1. Similar independent orbital solutions were obtained for the velocities of Balona (1987) , the Vienna group's NSO velocities, and the Vienna group's KPNO velocities obtained at 6430Å, to determine the weights of the observations and any zero-point velocity shift for each data set.
The other six data sets contain only a very small number of velocities or do not have good phase coverage. Since the FCF velocities have the longest baseline, from 1981 to 1998, of any of the data sets, the orbital solution of those velocities provides an excellent "template" for the other six data sets. Thus, the six sets of velocities were included with zero weight in a separate SB1 solution of the FCF velocities. The velocity residuals to the FCF-velocity solution for each of the six data sets were used to determine the appropriate weights and zero-point shifts. The results for all 10 data sets are summarized in Table 4 , where Col. 1 identifies the data set, Col. 2 notes the years covered, and Col. 3 gives the number of velocities. Columns 4 and 5 list the weight assigned to the velocities in each set and each set's zero-point shift, respectively.
An SB1 orbital solution of all the appropriately weighted velocities of the primary resulted in an eccentricity of 0.0046 ± 0.0027. Because of this very low eccentricity, a circular-orbit solution for the same data was computed with SB1C. According to the precepts of Lucy & Sweeney (1971) , the circular orbit is to be preferred.
Very weak lines of the secondary are visible in 35 of our spectra that have the highest signal-to-noise ratios. Independent SB1 solutions, assuming the elements of the primary except for the center-of-mass velocity and semiamplitude, were obtained for the FCF velocities and the Vienna group's KPNO velocities. Those 35 secondary velocities plus two of Donati et al. (1997) were given a weight of 0.1 and no zero-point correction was applied.
An all-data circular orbit for the primary and secondary velocities together was computed with SB2C. Six velocities of the primary and one of the secondary were given zero weight because of their large residuals. The period from that solution was assumed, and a final SB2C solution was obtained with all velocities having weights ≥0.1. Those orbital elements are listed in Table 5 . Since the eccentricity is zero, the time of periastron is undefined and has been replaced with the time of maximum positive velocity. Table A7 in the Appendix lists our velocities of the primary, those of Donati et al. (1997) as well as those obtained by Dadonas (1994) , at Maidanak, Uzbekistan . Table A8 in the Appendix gives our velocities of the secondary and the two values of Donati et al. (1997) . Figure 6 shows the computed velocity curves compared to the velocities listed in our two tables. The standard error of an observation of unit weight for the primary is 0.7 km s −1 , quite good for such an active star.
9. HD 106225 = HU Vir 9.1. Brief history HD 106225 was transformed from an obscure eighth magnitude star into a stellar source of significant notoriety after Bidelman (1981) noted that this late-type star has strong Ca ii H and K emission. Following its discovery as a chromospherically active star, Fekel et al. (1984) obtained spectroscopic and photometric observations of it. They determined a preliminary spectroscopic period of 10.389 days and preferred a photometric period of 10.6 days with a V amplitude of 0. m 25. Recently, Strassmeier et al. (1997) found a long-term average photometric period of 10.418 days from 14 years of V -band photometry, which is closer to the orbital period. Fekel et al. (1986) found that the Hα line of HD 106225 was slightly in emission above the continuum, while Strassmeier et al. (1990) obtained a spectrum showing H emission in addition to strong Ca ii H and K emission. Such Hα and H emission is seen in only the most active RS CVn binaries. Strassmeier (1994b) found very significant absorption-line variations and used numerous spectroscopic and photometric observations of HD 106225 to produce two 1991 Doppler images of its surface-temperature distribution. He also obtained improved orbital elements for the binary.
From 1981 through 1998, 178 observations were obtained of HD 106225. Of that total, 66 were made by FCF at McDonald Observatory and KPNO and 112 by the Vienna group at NSO and KPNO. Some of those velocities have been previously published by Fekel et al. (1984) and Strassmeier (1994b) . The values used in this paper are slightly different due to the assumption of different standard-star velocities.
Determination of the orbital elements is complicated by the star's strong chromospheric activity, resulting in Assuming the orbital elements of Strassmeier (1994b) as starting values, a set of orbital elements for the FCF velocities was determined with SB1. The velocity residuals of that solution showed systematic variations indicating the presence of a third component. A long period of about 6.3 years was identified from a period search done on the residuals. Preliminary long-period elements for the residuals were computed with BISP. Then a simultaneous solution of the short-and long-period orbits was obtained with GLS.
Although the velocities of the Vienna group are more numerous, the seven sets of spectra were obtained primarily for spot modelling, and so the velocities are not well distributed in phase in the long-period orbit. To determine possible velocity offsets, the velocities obtained by the Vienna group were included with zero weight in a GLS solution of the FCF velocities. A mean residual was computed for each of the Vienna group's seven sets of velocities. As a result, velocity offsets were applied to three of the data sets, −1.3 km s −1 for the April 1991 NSO data, +1.0 km s −1 for the March 1994 KPNO velocities, and +2.0 km s −1 for the February 1995 KPNO velocities. No velocity shift was applied to the three most recent velocity sets. Velocity residuals for the April 1991 KPNO velocities ranged from +6 to −10 km s −1 , and so, velocities in that data set were not included in the final solution.
Elements for the short-and long-period orbits, computed from a GLS solution that included 154 velocities, are given in Table 5 . The short-period eccentricity is quite small 0.0093 ± 0.0033, but has been retained because in triple systems the third star may cause a non-zero eccentricity (Mazeh & Shaham 1979; Söderhjelm 1984) in the short-period orbit.
Although only one component shows both long-and short-period orbital motion, for the purposes of the tables and figures we identify the long-period orbit as component A and the submotion or short-period orbit as Aa. The short-period velocities and residuals to the computed fit are listed in Table A9 in the Appendix, while those for the long-period are in Table A10 . For the tables and figures each measured velocity has been separated into a short-and long-period component, which consists of the short-or long-period calculated velocity plus one-half of the computed residual. Thus, the sum of those separated short-and long-period velocities for each date of observation results in the actually measured velocity. The computed short-period velocity curve compared with our velocities is shown in the upper panel of Fig. 7 , while the long-period velocity curve is shown in the lower panel of Fig. 7 . The standard error of an observation of unit weight is 1.3 km s −1 , primarily the result of the broad and asymmetric lines of this star. A time of conjunction in the short-period orbit with the primary behind the secondary is HJD 2 450 195.909.
HD 136901 = UV CrB
Brief history
Heard (1956) discovered the velocity variability of HD 136901 from nine radial velocities obtained at David Dunlap Observatory. A hiatus of several decades ensued before interest in this star was revived with Bidelman's (1983) discovery of weak Ca ii H and K emission in an objective-prism spectrum of HD 136901. That result spurred additional spectroscopic and photometric analyses. Fekel et al. (1986) obtained a preliminary spectroscopic period of 18.68 days, nearly twice the Fig. 8 . Radial-velocity curve of HD 136901. Data were obtained at KPNO (dots) and NSO (open circles) and were given equal weight except one KPNO velocity at phase 0.16 that was given zero weight photometric period of 9.63 days discovered by Boyd et al. (1984) . Fekel et al. (1989) published a full set of orbital elements and discussed the properties of the system. Strassmeier et al. (1989) confirmed the suggestion of Fekel et al. (1986) that the light variations are mainly due to the ellipticity effect. Kaye et al. (1995) evaluated a number of seasons of photometry of HD 136901 and removed the ellipticity effect. The remaining residuals were analyzed and in seven of the 11 data sets showed a periodicity within a few percent of the orbital period. Those additional light variations are presumably due to starspots.
Orbital elements
The Vienna group obtained 18 new velocities, nine at NSO and nine at KPNO. Those velocities were combined with two other previously published data sets, those of Fekel et al. (1989) and Heard (1956) . Because of different assumed standard-star velocities, the Fekel et al. (1989) velocities used in the present analysis differ slightly from the originally published values.
We first computed independent SB1 orbital solutions of the velocities of Fekel et al. (1989) and of the combined set of velocities of the Vienna group. A comparison of the two solutions resulted in no zero-point shift to any of the data sets and unit weight assigned to all velocities, except for one velocity given zero weight. With Heard's (1956) velocities given weights of 0.01 and adjusted by −4 km s −1 , an orbital solution of all the data was obtained. The period was fixed at that value, and an orbital solution with SB1 was obtained for the revised Fekel et al. (1989) velocities plus those of the Vienna-group. The eccentricity of the orbit, 0.045 ± 0.011, although reduced slightly from the Fig. 9 . Radial-velocity curve of UZ Lib. Data were obtained at KPNO (filled circles) and ESO (open circles) and were given equal weight except for one velocity at phase 0.43 that was given zero weight value of 0.059 ± 0.014 obtained by Fekel et al. (1989) , is still assumed to be real, in accordance with the precepts of Lucy & Sweeney (1971) . Table 5 lists this eccentric-orbit solution. The individual observations and velocity residuals are presented in Table A11 in the Appendix. The calculated velocity curve is compared with the observed velocities in Fig. 8 .
The standard error of an observation of unit weight is 1.2 km s −1 , primarily the result of the very broad lines of this star. A time of conjunction with the primary behind the secondary is HJD 2 447 312.447.
BD −08 3999 = UZ Lib
Brief history
UZ Lib is a star whose true nature was misinterpreted for several decades. Over 60 years ago Parenago (1931) found it to have light variations and concluded that it was an RR Lyrae variable. From new photometry Wiesniewski (1973) determined a period of 9.5 days and classified it as a β Lyrae-type system. Evans & Bopp (1974) proposed that UZ Lib might be a spotted-dwarf flare star, a suggestion that ultimately proved to be close to the mark. Hoffmann (1980) obtained additional photometry and found it consistent with a period of 4.75 days. Bopp et al. (1981) confirmed the likelyhood of the 4.75 day photometric period and determined a V -band amplitude of 0. m 35. Recently, from V -band photometry spanning 25 years Strassmeier et al. (1997) obtained a long-term average photometric period of 4.75226 days. Bidelman (1954) reported the discovery of its Ca ii H and K emission, gave its spectral type as Kp, and listed it in a table of spectroscopic binaries, although no reference for its duplicity was given. Bopp & Stencel (1981) proposed that UZ Lib is an FK Comae-type star. This class of photometric variables consists of a very small group of chromospherically active single late-type giants that have extremely rapid rotation. The radial velocities of Woolley et al. (1981) , however, indicated that the star is a binary. Bopp et al. (1984) obtained additional velocities and determined an orbital period of 4.7678 days.
Orbital elements
Two new sets of velocities were obtained by the Vienna group. From March 1994 through April 1998, 49 observations were made at KPNO, while 9 additional velocities were obtained in May 1996 at ESO. Velocities of the March 1994 spectra have previously been published by Strassmeier (1996) . Our velocities for those spectra are slightly different because of different assumed velocities for the standard stars.
For our KPNO data an initial set of orbital elements was determined with BISP and refined with SB1. Then the ESO velocities, given unit weight, were included in a new orbital solution. In a similar manner independent orbital solutions were determined for the Woolley et al. (1981) and the Bopp et al. (1984) velocities. From the resulting variance of the data set and the center-of-mass velocity, the Woolley et al. (1981) data were given weights of 0.2, and 10.0 km s −1 was added to each velocity. Results for the Bopp et al. (1984) velocities were 0.25 and −2.0 km s −1 . Because of their small number and uncertain velocity offset, the velocities of Grewing et al. (1989) were not included in our analysis.
An SB1 solution with the four velocity sets appropriately weighted, except for three velocities given zero weight, was compared to a solution of our new velocities that had the period fixed from the all-data solution. Since only the error of the period was improved in the all-data solution, the solution of our new velocities, having an eccentricity of 0.041 ± 0.016, was compared with a circular-orbit solution. Although a close call, according to the precepts of Lucy & Sweeney (1971) , a circular orbit is to be prefered. Thus, Table 5 lists the orbital elements of UZ Lib, determined with the SB1C program and our velocities only (one ESO velocity was given zero weight) and with the period fixed from the all-data circular solution. Since the orbit is circular, a time of maximum positive velocity is listed rather than a time of periastron passage. Table A12 in the Appendix lists our velocity observations and the residuals to the computed fit. Shown in Fig. 9 is the computed orbit compared with our velocities. The combination of very substantial rotational broadening and line profile asymmetries results in a standard error of 3.0 km s −1 for an observation of unit weight. 
Brief history
HD 152178 was classified as G8/K0Vp and found to have Ca ii H and K emission by Houk (1982) . However, our spectra indicate that the star is a K0 III (Strassmeier et al. 1993) , a result consistent with its M V determined from its Hipparcos parallax (ESA 1997). Hooten & Hall (1990) found a photometric period of 22.35 days. Our preliminary orbital elements were listed in the second edition of the CABS catalog (Strassmeier et al. 1993) . The orbital period of 314.5 days is much longer than the rotational period, making the star an asynchronous rotator.
Orbital elements
Between 1986 and 1996 FCF obtained 32 observations at KPNO. The Vienna group made an additional 6 observations during an observing run in May 1996 at ESO plus a single observation at KPNO in 1998. A preliminary orbital solution for the data of FCF was obtained with BISP, and those elements were refined with SB1. Then, the seven additional velocities were compared with this orbit. As a result, an orbital solution was computed with all 39 observations given unit weight, and no zero-point correction applied to any of the data. Because the eccentricity of that solution is quite small, 0.0236 ± 0.0091, SB1C was used to compute a circular orbit with the full set of data. Following the precepts of Lucy & Sweeney (1971) , the eccentric-orbit solution has been retained, and those orbital elements are listed in Table 5 . Our radial velocities and velocity residuals to the computed orbit are listed in Table A13 in the Appendix. The computed orbit is compared to the observed velocities in Fig. 10 . The standard error of an observation of unit weight is 0.6 km s −1 . A time of conjunction with the primary behind the secondary is HJD 2 448 226.377.
HD 152178 is clearly an asynchronous rotator and an interesting system but we note that the long orbital period suggests only weak tidal forces to synchronize the rotation.
13. HD 208472 = V2075 Cyg 13.1. Brief history HD 208472 was identified as a chromospherically active star by Bidelman (1991) , who discovered its Ca ii H and K emission features. Henry et al. (1995) found photometric variations with a period of 22.54 days and determined a preliminary orbital period of 22.6 days, making this star a synchronous rotator. They concluded that the system is very active as evidenced by its large-amplitude V -band variations of 0.
m 36 and an Hα line above the continuum.
From 1992 through 1998, 47 velocities were obtained at KPNO, 43 by FCF and 4 by the Vienna group. An additional 51 velocities were gathered by the Vienna group at NSO during a single 1996-1997 observing run. Because of the much longer timespan of the data, orbital elements for the KPNO velocities were computed first with BISP, and refined with SB1. Then, an orbital solution for the NSO velocities was obtained, assuming the period from the KPNO-velocity solution. From a comparison of the two solutions, each NSO velocity was assigned a weight of 0.15 relative to the KPNO velocities, and no zero-point velocity correction was made. An orbital solution with the appropriately weighted data resulted in e = 0.0058 ± 0.0071, and so a circular-orbit solution was computed with SB1C. According to the precepts of Lucy & Sweeney (1971) , the circular orbit is clearly preferable, and those elements are given in Table 5 . Since the eccentricity is zero, the time of periastron passage has been replaced by the time of maximum velocity. Figure 11 compares the computed orbit with the observed velocities, while our radial velocities and velocity residuals to the computed orbit are given in Table A14 in the Appendix. The standard error of an observation of unit weight is 0.6 km s −1 , quite good for such an active star.
14. HD 216489 = HR 8703 = IM Peg
Brief history
Harper (1920, 1935) found HR 8703 to be a single-lined spectroscopic binary with an orbital period of 24.649 days. From 1990 to 1992 Oláh et al. (1998) obtained 19 new radial velocities at NSO and KPNO and computed a new orbit with an improved period of 24.64876 days. Herbst (1973) found HR 8703 to have strong Ca ii H and K emission lines and discovered the light variability of the star. From three seasons of photometry Eaton et al. (1983) found a mean photometric period of 24.39 days. Recently, Strassmeier et al. (1997) obtained a long-term average of 24.494 days from 18 years of V -band photometry.
Orbital elements
The Vienna group collected 44 velocities at NSO during a single 1996-97 observing run. Independent orbital solutions for those NSO velocities and for Harper's (1920 Harper's ( , 1935 20 DAO velocities were computed with the SB1 program. From a comparison of those solutions Harper's velocities were given weights of 0.2, and −3.0 km s −1 was added to each velocity. The velocities of Oláh et al. (1998) from NSO and KPNO, corrected to the Scarfe et al. (1990) velocity system, are poorly distributed in orbital phase. Thus, those velocities were assigned zero weight and included in a combined solution of Harper's velocities and Oláh et al. (1998) , and pluses from Harper (1920 Harper ( , 1935 the Vienna group's NSO velocities. As a result, we have given the Oláh et al. (1998) NSO velocities unit weight and added −3.0 km s −1 to those velocities. The three KPNO velocities of Oláh et al. (1998) were also given unit weight, but no velocity correction was applied.
We have assumed that the velocity offsets determined for some of the above data sets result from asymmetric line profiles, as is the case in the most active systems. However, as we have shown for LN Peg and HD 106225, systematic velocity residuals are sometimes due to the presence of a third star. Although 83 velocities of HR 8703 have been obtained, they are not well suited to search for evidence of a long-period orbit since the velocities are extensively clumped around only four epochs. Additional velocities obtained over several years will be needed to confirm our assumption.
An all-data solution with six velocities given zero weight because of their large residuals was computed with SB1. The eccentricity of that solution was quite small, 0.013 ± 0.008, and so a circular-orbit solution with SB1C was obtained for comparison. According to the precepts of Lucy & Sweeney (1971) , the orbit is at the borderline of the 5% level of significance. We have adopted the circularorbit solution, whose elements appear in Table 5 . Since the eccentricity is zero, the time of periastron passage has been replaced by the time of maximum velocity. Our radial velocities and velocity residuals to the computed orbit are given in Table A15 of the Appendix. Also listed are the velocities of Harper (1920 Harper ( , 1935 and Oláh et al. (1998) . Figure 12 compares the computed orbit with the observed velocities, where zero phase is the time of maximum positive velocity. The standard error of an observation of unit weight is 0.9 km s −1 , typical of our results for a very active star.
